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Iew York, August, 1897. 



Tlie Fire, Water and Light Committee;- bf Winnipeg , Man. 
.' " ' 

, , , ; -Bf -WCHAFPEY.-ESQ,,-Chairman. 

'Gentlemen: ... 



Cori>plj''ing with your request anil in accordance wit! 
aresolution, passed by the'City Council pn February 22nd, 1897, 
that' I make an examination^ and report oq certain questions 1 
submitted;'concerning-the water supply and waterworks, for the 
City of Winnipeg, I no,w beg leave to present J the'results, of. 
my investigation. 

• V ■ - v 

' ' ° ‘ r .. ^ ^ * * 

, - introductory. ! V < ~ 


The questions submitted were: 


' (1) What is the best source, of supply, taking into considera 

' 'tion the quantity and quality of the watei; ? , ' 

(2): What;are the- best means 6f pumping, filtering) softenings 
^ and distributing the water ? • ' 

- (3) • What portion of the present system, if any, can he used 
to advantage in connection with the recommended-system ? 

(4) A revision and approval of plans. 

_ (5) Subsequently another question whs added by'the Chair¬ 
man, namely: What method of proportioning' the payment for such, 

. works, is, in your flpinion, most.equitable and proper ? 

On my arrival in the City of Winnipeg on March 23rd, I met 
the members of your Committee, His Worship the Mayor and Col" 
H. N. Ruttan, City Engineer. Detailed information was then furn¬ 
ished me regarding, the present status of the Waterworks problem 



and also the results of the previous-investigations and reports that 
hnd been made on the subject. ' Mr. Isaac Campbell, City Solicitor, 
furnished mo with some.of the legal facts in the case, and from 
Messrs Nan ton and Bissett, representing .the Winnipog Waterworks, 

I received data concerning thoso\works ns they now exist. During 
that visit tho^plant was inspected und a gener'al examination made 
of the territory of the City with' reference to the, subject under 
discussion. 

■ By tho courtesy of Mr. Wm. Whyte, General Superintendent 
of the Canadian Pacific-Railway Company, it was made practicable 1 
to undertake a pumping test to show tho yield of a large artesian 
' well, situated on tire Company’s grounds, and also the effect of 
such pumping on tile other wells in the neighborhood. (Appendix I). 

This test indicated that an artesian well supply for the city 
might be feasible, and-Dr. W. A. B. Hutton, professor\of chemistry 
at the Manitoba Medical College, was requested to 'exjamine by 
well-known methods into the chemical features of softening such 
water,jtmd also other waters that would be considered available 
for the City’s supply. Samples for analysis and softening were ■ 

r selected from artesian wells in the-western part qf tho City, and 
from the Poplar Springs lying about ■42’§ milcsNmjrth of City 
i Hall. The water of the Assinibqine River, the present source of 
sqpply, had previously tieen analyzed and, reported upon, and it 
was therefore not further examined (Appendix II). • 1 

Besides these investigations, a number of maps, profiles and 
"topographical data were '^prepar&d and compiled at my request, 
prior to tlie second visit to your-City, which' was made in July. 

\ The pumping experiments at the Canadian Pacific Railway^ 

I well; conducted during the last days of March, had meanwhile 
been worked up. Profiles of the water levels in many private and 
public wells of the neighborhood had been plotted, and from these' 
Plate I was compiled. One profile shows the levels on Sunday, 
March 28tlj, after pumping had been stopped for a day, another 
represents the levels at ordinary times, and was taken on March 
27th ; and a third shows the levels when the pump was throwing 
f water at a maximum practicable rate. 

^ Plate I. shows two,,sections, one along the dine of the Canadian 
( Pacific Railroad and another at right angles to it, both passing 
through the test well. 

The latter section shows approximately how far in a lateral • 
direction the draft from this one well extended during the time of 
maximum pumping, namely, from south of Pacific Avenue to north- 



of Diiffejrin Avenue, in alf a distance of about 4000 feet. The 
other section shows that the effect of this pumping was lost at tho 
Dog.Pqynd, was slight at tho Fair Grouhds and was quito matorial 
oastorly of tho tested Well. \ 

From these results,‘wi'A from the further statement made to* 
me, that at low water, ir&tlm Red\ River there .are innumerable 
small springs emptying intk fits'bed,\wo may conclude : 

- . (1)' That the artesian 'wells in tho City generally draw from 
. tho same underground source. \ , . .. . 

■ (2) That this draft, when the water had been lowered to a 

depth of +11 feet above city datum, .extended to a distance of 
about 2000 feet in a southerly and about 2000 feet in a northerly 
direction. The draft was noticed, however, at a muclf-greater' 
distance in a westerly direction, and at a still greater di| r tance\n 
an easterly direction, indicating a western Source for. the;.p,r-t^sian 
water. * ‘ \ < V ' x 

(3) That there is a downward slope of\the natural water 
level of these wells in an easterly direction, bdth whertVpumpiri'g 
had ceased for a day and when it had been-.conti^ued foi^ a day at 
the maximum rate of flow. 


(4) That this maximum rate of flow at the Canadian Pacific 
Railway well after a day’s.continuous pumping was\at the rate of 
about 160,000 gallons per 24 hours, or about \ of a cubic’ibot per 
second. J, . ' . \ \ 

(6) That, in view of these observations, and further justified 
by the geological formation of the, near country, there is a continu¬ 
ous flow of water from the 'west, through crevices and fissures in 
the limestone rock, into the Red River. 

(6) 'The continuous flow increases with the depth to which 
the water is pumped, because this can then be drawn frpma cor¬ 
respondingly greater distance aqd therefore from a larger territory. 
A* n o r 4-4,. feet • -fee beiovv 

the surface of the ground in. iu/u vestfern part of the City) it is, in 
■my opinion, reasonable to expect an average daily flow of at least' 
40 cubic feet per lineal foot on a line running about" north and 1 
south and extending north of the City. - - I 

Dr. Hutton’s report, dated July 17th (Appendix! Ill), indicates 
the qUantityof' lime'-and soda with which'the water of,the City 
wells and that of the Poplar Springs could be rendered satisfactory 
for domestic and boiler purposes. ' ‘] 

' On August 9th, in thh presence of Mr. Chaffey' Col. Ruttan 
and. myself, Dr. Hutton experimented^on the softening' of the 



will,or obtained from the Rohb Avenue wells,, using the amounts 
df lime and soda Htated ip hjs .report. ■ The demonstration "was 
witiHi'actory, as tlio water was not only softened but found to have 
been improved alsodja taste. t • 

In view of the favorable report on the naturai^character and , 
hardness of'the Poplar Springs Wafer, a visit yfras mado to the 
springs on July 27th. . The wator was then found to be excellent 
in taste and appearance, and another sample was taken and sent 
to Dr. Edgar B. Kenrick, Professor of Chemistry in the University 
of M anitoba, for analysis. (Appendix II.) An approximate, gaug¬ 
ing was made by float measurements which indicated a flow.■ of j 
5.3 cubic feet per second, or at iho raio of 2,854,000 gallons per 
day. ' 

There aro other springs in the neighborhood, and it was-Baid 
that borings have always yielded water wherever wolls were sunk 
on the territory between the .springs and Stony Mountain, the 
.water flowing out on the surface irt every case. 

Stony Mountain is formed of limestone rock, similar to that 
underlying Winnipeg and cropping out at the City quarries. There 
,can hardly be a doubt that the entire territory, between the moun¬ 
tain and the City is underlaid by the same limestone formation, 
and therefore would yield water by boring into it. 

This rock is slightly soluble in water and the solution makes 
the water hard^ after it has long been in contact with the rock. 
The gradual dissolving of the limestone by the flowing water has 
caused the originally minute fissures to enlarge and multiply in 
number between the points where the rock has been penetrated by - 
the'rain, river or lake waters and the Red River, where it now, 
finds outlets'arid freely flows off. 

Any deficiency in the water found in the Poplar Springs could 
therefore be made up by wells bored along the line of the conduit; 
either nfcar the Springs or between them and the City. i_A,,nrofilo 
of this conduit is shown on Plate II.) ' " • r 

A report was mado to the City Council in February, 1895 by 
Mr. Walter Mobeily, C.E., advocating the Winnipeg River as the 
best source of supply-for the City. 

His grounds for urging this source, which had also been urged 
by others, are apparently that the supply is plentiful and the 
water soit- T*o engineering data existed by which the merits of 
this plan for supplying the City could, b<? definitely ascertained, 
and therefore.it,was determined to have a survey made of the best 
line along which a conduit could be built, also to make a personal 
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visit to tho river and to have the water analyzed. It was a favor- 
ablo timo for a visit and , for making an analysis, beoauso the 
water Was probably at its least good condition, owing to tho lafge 
nrnount of vegetable ma,ttor found irbsuch rivers during thb latter 
part of the summer. ' r* 

Colonol Ruttan, City Engineor, accompanied mo on this inspec¬ 
tion made July 81st. 1 The profile uf the route (Plato II) and the 
chemical analyses of tho water (J^pendix II) are attached to this 
rcpoit. ■ / 

, Present source of the City’s public water supply is the 
Assiniboine River, and it is also available for supplying the cjty in 
the future.' No inspection of this river, was made by me, other 
than within the city limits, as several reports* had already been 
made thereon, and as little pise could be gained from further in¬ 
vestigation. , ' ' 

In case this source might be found preferable to the others 
that have been proposed, it would b$ desirable..to retain as much 
Of the present waterworks plapt as <iould be used to advantage in 
connection with new works. Another examination was therefore 
made of the pump house on August fitiv and an interview had with 
Mr. BiSsett on August 7th. A brief description follo'ws : ; 

The works are owned by The Winnipeg Waterworks Com¬ 
pany, E. H. Bissett, Esq., Manager.- The charter was granted 
December 23rd, 1880, but they /were nbt put in operation until 
1882. The franchise is exclusive, and was awarded for a term of 
twenty years, therefore terminating Decemb^j 23rd, 1000. 

The source of supply is the Assiniboine River. The intake 
and pumping station are located at Armstrong’s Point on tho north 
bank,of the river just below Maryland street bridge, and near the 
lower end of Mulligan Avenue. ' / 

The station consists of an old and a new plant ‘Adjoining each ’ 
other and surrounded by ornamental grounds. The buildings and' 
grounds are in good condition. | ■ 

A brick conduit or tunnel, 30 inches in diameter, draws'*the 
water for the old plant from the i edge of the low-wate¥ channel’ 
and discharges it into a pump-well under the engine- room erected 
near the bank of the river.' Its present condition was ’ ndt ascer- 


* Footnote : Report on the Assiniboine River and Artesian Wells ns sources nt 

~ By H N. Ruttan, City Engineer, October 80th, 1888 ^ sources of supply f 
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: ‘ '* 1 

r The'mnchinery was built by R. Laidlaw &, Son, Glasgow, and 
•consists of two vortical pumps, double acting and driven by cranks 
from a shaft. The'shaft is turned by gearing, driven by two 
engines quartering on the- Same. The bng^ines are double, horizon¬ 
tal, high-pressure and condensing, but not compounding. The nom¬ 
inal horse-power is said to be GO, and the original- capacity was 
rated at 1,500,000 gallons pec day. Their present condition is not 
first-class. , ^ . . 1 ’ 

‘ At the present time the Laidlaw pumps' are used" only to 
''supplement the new pumps during jthe-hoursiof greatest consump¬ 
tion, and, as -I was informed, to the extent of between 85,00Q and' 
165,000 gallons during 6 or 7 hours in-the day, for a part of the 
summer. Adjqiriihflfis the boiler room", but the old boilers are out 
of use and abandoned. • *' . " ~‘ 

The new pumping,station was completed in 1894, and a new . 
bricfe^conduit five feet in diameter was built and .extends nearly to 
'the centre of the river. The conduit encloses a 24, inch cast iron 
Auction pipe, and two small pipes, .one' to ,'supply a donkey pump 
and the other to carry the overflow frond the hpt well and, to 
prevent ice from forming at the intake. Its present condition was 
Hot ascertained, but was stated to be good. 

The pumping machinery was b^ilt by Arthur J. Loretz & Go., 
of Allentown, Pa., and was finished ;m 1894. 

The pumping engine is of the-walking beam type, high duty 
and compound: 'One end of the beam is connected with the piston- 
rod of the two cylinders,-while the other is connected with a fly¬ 
wheel. The pumps are operated from the beam at half distances, 
one on each side, The maximum capacity was stated as being; 
2,500,000 gallons'. The engine was making 26 revolutions per 
minute when examined by me at the hours of maximum draft. It 
was stated that it had been run.;up to 83 revolutions. 

The present condition of these engines doe's not appear to be 
first-class. With proper care they can, however, be made service¬ 
able until beyond the time when the franchise expires. 

• • , The new boiler house contains three boilers,'built by the 
Watero.us Engine Works Co., Ltd., of Brantford, Ont. Each one is 
4 feet in diameter and 14 feet long and is said to furnish 45 horse¬ 
power. They carry 95 to 105 lbs. pressure,-and appear to be in a 
good condition. - / 

From statements made to me I find that the new pumps are 
used at the present time to supply'a daily quantity of water, of-' 
about 1,250,000 gallons in summer and about 850,000 f gallons in 
winter. 'i 


Z 




Adjoining the new engine-room' is the filter house, containing 
five filters made by the National Water Purifying Company of 
New York, threo of which w/ere erected in 1887,' and the other two 
in 1889. Thej' operate under the full pressure of tho pumps and 
therefore are, what is termed, pressure ^filters. They, are said to" 

■ consume from 5 t® 16 lbs., of pressure, depending upon the charac¬ 
ter of the water. The caisings\are 10 feet in diameter and 7 feet 
'deep. They are washed/once< qaily in wiptor, at the present time 
twice daily, and in spring whpn the wator is very muddy it is 
, necessary to wash thenv as often as once/every two hours. They 
are apparently.in good'condition. . / 

'{r' "irit is stated, that formerly during the spring | grain of alum 
! per .gallon was added- to the supply, to aid in coagulating the"-, 
organic matter, and .thus Assist the clarification. But for two years 
the practice has be^n discoritinueid, and it could not be done with- 
out materially reducing therpressure in .the City. 

.From the fact that the dumber of filters is insufficient for the 
quantity of water that must pass.'through them','when it contains 
much suspended matter, also from the fact' that therefore 'no alum 
ia used and that they are pressure and not gravity filter^, they do 
not always deliver clear water. They can often but partially remove 
the-turbidity ) --and when the river is very muddy they clog up so 
quickly as to be rehdered entirely useless at such times. 

No attempt is made to soften the water. 

It is estimated that the quantity of water supplied to the 
! City hy all the pumps gt the station now radges from 850,000 to 
, 1,415,000 gallons per .day, the. yearly average being given as 
1,000,000 gallons. ~ ~ 

, The distribution system of pipes supplies only a part of the 
City, namely: The tract .lying between. Kennedy and Main Streets 
from Portage Avenue, to the Assiniboine River; the tract south of 
Main Street, between Notre Dame and Common Streets; and the 
’’ tract north of Main Street bounded by Notre Dame, Ellen, Jemima, 
Isabel, Me William, Machray and Logan Streets. 

From the pumping station a twelve inch main extends along 
Mulligan Avenue.to Broadway and thence a ten inch, main to 
.Portage Avenue add down the latter to Kennedy Street. From 
Mulligan Avenue an eight inch main extends down Broadway to 
Main Street and along the latter to the C.P.R. station. From these 
mains six inch, five inch and four inch branch lines extend in 
different directions. 
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When the works woro inaugurated the pipes laid in the ground 
wore east-iron, apparently of good quality, but cast horizontally, 
and therefore thoy have unovon thickness. As they have turned 
and bored joints, no lead boing used, thoy aro also apt to allow of 
leakage under high pressures. There aro between four ttnd six 
milos of such pipe still in use, according to different statements 
made to mo. Sinfco 1887 nothing but cast-iron pipes have been 
used, having hell and socket joints caulked with lead. It is said 
that some lead jointed pipo was laid previous to that yonr. They 
aro believed to bo in good condition. 

The service pipes that were first laid were of wrought or gal¬ 
vanized iron. They were not found to be durable, as has also been 
found elsewhere. They are apt to corrode rapidly and then will 
not deliver sufficient water nor stand mudh pressure. The newer 
service pipes are of lead and should therefore bo satisfactory. 

^ There aro somewhere between 1500 and 1600 taps now sup¬ 
plied with water by the Company. Exact figures were not given. 

During the last fiscal year'the City consumed for public pur¬ 
poses about 12,400,000 gallons of water supplied by the Company, 
or about 34,000 gallons p,er'day. There are four drinking foun¬ 
tains which together flow about 5,000 gallons per day. Elevators 
consume about 10,000 gallons. For filter washing purposes at the 
works there are used about 30,000 gallons and for condensing 
purposes about- 13,000 gallons. In all there are 92,000 gallons 
consumed on the average per day for other than domestic pur¬ 
poses. leaving for the latter but 908,000 gallons per day. 

Assuming that there are 1500 taps in use, we have 605 
gallons daily per tap. If we reckon 'six persons per tap, then 
9,000 persons are furnished with water by the Company. For 
public purposes, including elevators, 49,000 gallons are daily 
furnished. If we assume that 36,000 .persons are- at present 
-benefitted by this quantity, then 9,000 would have the benefit of 
^one-fourth of the quantity, orhibout 12,000 gallons, which, added 
to the above amount, gives 920,000 gallons as the domestic, and 
■ '•pro rata public consumption for 9,000 persons, or 102 gallons per 
head-per day. If we reckon Y persons per tap, a population-^#: 
10,500 would be supplied, or 88 gallpns per head per day. ' - & • 

This amount represents a large-consumption per person, and 
may be due, as I am informed, partly to leaky pipes and hydrants, 
and partly to the'wastefulness of the users, who are said often to 
allow th<£,water .in - the 'Iiouse to run freely and continutously, in 
order to prevent their pipes 'from freezing in winter, and for lawn 
sprinkling in summer. ; 
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With tho idea of indicating the large amount of water which 
can bo wasted by leaky faucets, a gauging was made of one which 
was observed by, mo'to leak, in March and also in July, and is said* 
to have been in this condition botween those datos. Tho washer 
was probably worn out and tho faucet could not be shut ti^htly.y 
Tho sma|l dribble aulbuntod-to 75 gallons por day. When informed 
that there were hundreds of faucets in'the City which were in the 
same condition; when considering tho disposition of careless per¬ 
sons not to turn the water off immediately after use; when . 
noticing many leaks at public hydrants ; and being informed that 
an inspection last February showed 99 to be leaking, from indica¬ 
tions on the surface of the street and' in the sewers, it is not 
surprising to me that the consumption' per capita is so high. 

It'should be added that, as the Assiniboine water furnished 
S’ by the Company is hard, many persons do not use it for laundry 
purposes, but instead use rain-water collected in cisterns, or use 
melted ice. 

The objectionable features of the present supply, which it is, 
sought to remedy; are: 

1. The distribution system does not extend over all parts of ■ 

the City needing water. » 

2. There is insufficient fire pressure in most parts of the City 
which are supplied with mains. 

3. There is an insufficient number of efficient fire hydrants, 
and'therefo’re also a lack of water immediately available for large 
fires. 

4. The water as furnished in spring, summer and autumn is 
at times liable to be quite turbid, and has once also had a very 
disagreeable taste, due to foul" organic matter that was washed into 
the river and which,. the filters could not remove. There is no 
reason why this condition should not occur again.- 

5. There is a suspicion of organic pollution, indicated by the 
analysis (Appendix II.) and due probably to'settlements .along the 
shores, to the.habit of dumping manure and other refuse into'the^ 
stream, and pbssibly also,to the city dump for garbage and excreta, 
which lies near a water course discharging its water above 1 the 
Waterworks intake. 

• - i In order to qxamine into the relative merits of "the different 
sources of supply which,have now been mentioned, and co calculate 
the right proportions for the 'distributing system, and also to esti¬ 
mate the cost of the works, it is necessary to establish the quantity 
of water which is to be daily furnished the-City for domestic and 
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public purposes, and also 
maintained in tlio pipes at 
rence of fires. 


the water pressures which/are to bo 
ordinary times and during the occur- 


In his’rcport of May 6th, 1895, Colonel Ruttan states that the 
new supply should provide at once for 40,000 people and later bo 
cupablo of supplying 100,000 persons. Fire protection is to bq, 
secured by 10 contiguous hose streams, each of which discharges 
35 cubic feet per minute, at a pressure of 75 pounds per' square 
inch at the hydrants in the business centre." This is a larger Nrap- 
ply for-fire protecting he says, than has been usual, but adds tqat 
it is warranted by the local conditions. \ 

Wo^nvust realize that a good water supply for Winnipeg wilKls 
not be inexpensive. All of the water must be pumped apd perhaps 3 
purified arid softened. The territory to be Supplied is .large com¬ 
pared with the population to be served. Therefore, the quantity 
should bo kept down as low as possible. 

As already stated, the daily consumption per head is probably 
between 88 and 102,gallons,.which is quite large, and there appears 
to be much leakage and unnecessary waste. It is reasonable to 
suppose that the requisite quantity of water can be materially 
reduced and kept within proper limits by preventing such leakage 
in the public mains and hydrants and by placing meters for private 
consumers. At the present time, both in Europe and the 1 . United 
States, this waste is greatly reduced by metering the water for 
private consumption, in the same way that gas is metred. 

It has been said, in objection thereto, that among certain 
classes metering would prevent the use of a sufficient quantity of 
water for keeping clean and other sanitary purposes; but this 
criticism would be rendered invalid by the practice of charging 
each consumer a certain fixed minimum rate for an allowance .of 
water:considered reasonable and ample. 'Whatever, quantity is 
consumed in addition thereto is 0 paid for at fair meter rates / 1 ' 

This method not only guards against a disposition to stint in 
the use of water, but at the same time it makes every water usSr 
pay more nearly in proportion to what he consumes. Incidentally, 
the consumer himself will be interested in preventing undue waste 
and leakage from the faucets in his house, and therefore will 
assist the City in maintaining a fair supply and in reducing the 
expenses of pumping and softenings 

To reduce the consumption it wiihrdso be wise, while furnish¬ 
ing a high pressure in the mains during' a. me, to maintain only a 
moderate pressure during ordinary times' and a still lower one at 
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night. Both the legitimate use of water, as well ns the waste, 
dispose of larger quantities under high pressures than under low. 
pressures. ; 

As you aro about to change or re-arrange your water supply, 
it will therefore bo a favorable* time to introduce meters. Such 
introduction carl be very strongly r recomincnded to you. ' 

The following table gives the consumption and pressure in 
several cities having conditions which allow comparison in one way 
or another with those in Winnipeg: 


CITY. 

Population 

Supplied. 



Daily in 
millions of 
Imp. Galls. 

Per Head 
in Imp. 
Gallons. 

Ordinary 

Fire, 

London, England .... 
St. Petersburg, Russia. 

6,030,000 

960,000 

115.2 

32.3 

31.5 

33.3 



Hamburg, Germany .. 

583,000 

26.5 

44.0 



Dublin, Ireland. 

‘ 327,000 

i 

14.9 

46.2 


• 

Providence, R. I. 

132,146 

7.4 

56 

39 

73 to 86 

Fall River, Mass. 

74,398 

2.6 

35 

80 

80 

Atlanta, Ga. 

65,533 

3.8 

58 

60 

80 

Dayton, O. 

61,220' 

3.2 

52 

60 

100 

rLynn, Mass. 

Lincoln, Neb. 

55,727 

3.6 

65 

50 

65 

55,154 

■ 2.5 

45 

30 

100 

Lawrence, Mass. 

44,654 

2.5 

56 

65 

65 

[Sioux City, la. 

37,806 

1.1 

29 

110 

140 

[Fort Wayne, Ind. . 

35,393 

.2.5 

71 

45 

45 

[Quincy, Ill. . . 

31,494 

1 

1.0 

31 

1 

30 

90 


■ Col. Ruttan holds the opinion that by the use of meters the 
present consumption can be reduced to an average of 60 gallons 
iper head per day. I fully agree with him in this opinion, provided 

I the works are well ^designed and well managed, if the present leaks 
are avoided and meters are introduced on all service pipes and a 
moderately low pressure of from 30 to 40 pounds per square inch 
is kept on at ordinary times during the day, and a still lower one, 
;say, 20 to 25 pounds at night, while a high pressure of 75 pounds 
per square inch i^ffla’intained only during fires. 

I alsd agree wich him that, at the present time, it is not 
necessary to calculate on more than 40,000 persons taking water 
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from tlic City’s supply. At GO gallons per head this gives an 
average daily supply of 2,400,0p() gallons. The maximum rato of 
consumption during tjio day shotild be' placed at 75 per cent above 
this average, which givos a rate of 4,200,000 gallons for which the 
City mains and pumping machinery should provide at the outset, 
together with arrangements for future extensions, as may ,be found 
necessary. 

Provision should at once be made in such parts of the work 
which cannot easily be extended or enlarged, for a population of 
100,000 persons. ' v 

There is an irregular draft of water during tn^effiy, liable at 
times to bo nearly double -the average daily draft, and \aa the 
supply will be delivered at a uniform rate, whether it comes from 
a distant source through a conduit,,or from softening works and 
filters in the City, it is in every case pecessary, therefore, to have, 
a reservoir in which the regular flow of water can be received 
and stored, to be drawn by the City pumps and forced into the 
mains in such quantities as may be required at any moment. Such 
a distributing reservoir should have a capacity of at least one 
million gallons when the works are started. When the population 
to be served reaches 100,000 the total reservoir capacity should be 
at least between 2,000,000 and 3,000,000 gallons. 

The high degree of hardness of the natural waters near Win- 
nipeg, and the desire to have a soft, waterfor the City’s use, make 
it advisable to state here in a general way why the water is hard, 
and how it can be softened.. . * , v . 


Water is hard, generally, when it contains in solution bicar¬ 
bonates or sulphates of lime or magnesia, or both.. The hardness 
commonly recognized by the fact that when soap js added in 
' quantity for w r ashing, a curdling is produced instead of 
Hard water is objectionable mainly on this account and 
ecause the precipitation of lime or magnesia in boiling water 
the formation of scale in boilers. ~ • \ 

he advantages of soft over hard water for a community may 
ted briefly as follows : 

. ^o^ water is obtained more quickly and less fuel is required. 

-'The s&ving of soap and soda in the household is considerable. The 
labor of washing is muclf reduced. The wear and tear of clothing 
is diminished. Flannels last longer and do not become harsh and 
felted. Cooking is facilitated. The, same quantity of tea that 
will make three cups with hard water will make five cups with 
soft water. (Evidence before Royal Commission). The palata- 






bilifcy is often increased. The-softening process does not make 
water insipid liko distilled or rain water. * • 

There are two kinds of hardness : Temporary and permanent." 
The former is' usually caused by the carbonates and the hotter by 
the sulphates.of lime or magnesia? 

Temporary hardness can be removed : 'I 

1st. By a sufficient quantity of soap.. ... 

2nd.' By carbonate u'f soda'(washing sodh). The carbonate j 
of soda unites with the bicarbonate of lime dissolved .in the water, j 
resulting in the formation of bicarbonate of soda and carbonate \ 
of lime. The former remains in golutibn and does not harden the. j 
water, the latter is precipitated as a fine, white powder.' . 1 

3rd. By boiling. The bicarbonate of lime is d.&qomposqd -by i 
heat into carbonic acid, which escapes, and carbonate .of:,'lime, 
which is precipitated as a fine white powder. 

4th. By a solution of freshly burnt lime; or lime-water. The 
carbonates of, lime and magnesia are changed into mono-carbonates 
by the hydrate of lime uniting with the extra carbonic acid,, which * 
is either free or combined as bicarbonate in the hard water. The 
resulting insoluble mono-carbonp.tes deposit as a fine powder. ■ 
Carbonate of lime is not entirely,insoluble in water, and a small 
portion always remains in it. -The soluble bicarbonates of lime 0 i; o 
magnesia, having thus lost half their carbonic acid, are reduced to 
the same insoluble mono-carbonates and are also precipitated. This 
process, being the least expensive, is the one here recommended. 

Permanent hardness can be removed : ' 

•1. By a sufficient quantity of soap, as before. 

' 2. By carbonate of soda- The soda in this case unites with 
the sulphate of lime or magnesia dissolved in the water, resulting 
in the formation of the neutral and inert sulphate of soda, and the ' 
insoluble carbonate of lime or magnesia. The former remains iu 
'solution and does not harden- the water, the latter is precipitated 
as a fine, white powder. In cool water the presence of free car¬ 
bonic acid, or, of bicarbonates, interferes somewhat with this 
reaction; but the combined lime-and-soda process obviates this 
-difficulty to a large extent. - As permanent hardness is usually 
present with temporary hardness, the lime and soda can.be'mixed 
and together added to the water. 

To remove permanent hardness this process is the least expen¬ 
sive one for city supplies. . 
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Tlid sod a bIiouIiI bo dissolved and fcbo solution thoroughly 
mixed with the water to bo softened. The lime should\,J)e freshly 
burnt anil added, not ns rnilk-ofdimo, but v as lime-water. Accurate 
proportions can bo moro readily obtained with thodattor than with 
the former. The precipitate settles slowly and in practice it is 
v found best to strain it out of the water by filters. The solid 
1 carbonates arc then either allowed to settle and dry, and are 
removed by excavation^ or they are at once passed through .filter 
presses. The water draining from the precipitate often contains 
sufficientdi/no in solution to be used over again. 

If the [work of softening is properly done there is no free lime 
left in tho Softened water. The softening with lime will incident¬ 
ally ulso remove a certain quantity of iron-contained in the water. 
It has also die effect of, removing some organic matter. 

Cloths may not filter efficiently until a thinjayer of -deposit; 
4 has coated ;hem, which tends to fill up or reduce the sizes of the 
interstices in tho web. If-the precipitate is of a glutinous nature, 
or caused,liy hydrate of magnesia, which is not crystalline, or by 
organic matter, the speed is rapidly lessened, and the cloths soon 
stop up ana therefore require more frequent washing. In such a 
case settling basins should-be used to accomplish the heavy part of 
, the work before the water is passed through the filters. 

Soda/is somewhat destructive to cloth. When there is much 
of it contained in the water, cloth filters may not be economical. 

After considering this p'reliminary information, the questions 
submitted to me by your Chairman were carefully considered in 
the light of the facts before me. 

In/ answer thereto the following conclusions have presented 
, themselves: 


; . 
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SOURCES OF SUPPLY, PURIFYING AND SOFTENING 
THE WATER AND DELIVERING IT 
, TO THE CITY, 


/ * 

A,—Asstmboine River, 

va ^ ' l 

The Assinihome River is a branch of the Red River and dis¬ 
charges into the latter at Winnipeg. Its drainage area is about 
58,000 square miles and is almost all prairie land. " ’ 

) The annual rainfall upon the area is estimate^ at’ 18 inches 
per annum. The maximuniiflow is givClTas 1.0283; the minimum 
flow as .016, and the ordinary flojw as .044- cubic feet per sepond 
per square mile of drainage area. ~ - 

High water occurs in April and May, and low water in the 
early winter, from which 'time 'until spring the river is covered 
with ice and remain's at jkbout thexsame level. 

The pbove flow perusquare mile\ is very small, which Is due 
partly to the small rainfall and parbly to the great evaporation 
which takes place from so flat a watershed, on account of the low 
average' degree of humjdity prevailing in that part of the country; 

| It has been intiniat'ed that-Lake Manitoba--may^artly drain 
' into the Assiniboine River, but* -this can hardly be so, because 1 its 
j flow is much smaller per square mile of drainage than that of most 
f other streams, the flow of which is known. 

fall and many sinuosities. 

„ , ^ the water it may be well to quote 

the rpmarks, made by "lames Patterson, M.D., Chairman of the 
Board of Health, and In N. Ruttan, Esq., City Engineer, in their 
joint report on the copdition of the Assiniboine River, dated Sep¬ 
tember 30th, 1396. • , . . 


The rivejr has but a slight 
the -nualitv-bf 




" On tl/o Hotblod portion. 1 ) of tho rivor, on account of fcho.higher 
“land of tl/n banks affording „drinr building niton, Uiq woods afford- 
" irig shelt/jr, mid tho convonioiioo to wfrfcor in "the riyer for stock in 
"w infer, i^ll tho dwelling, barns and stock yards qro placed upon 
"flin iniiiH'dintn hanks, uhd it is tin: almost universal pmcfcico of tho 
'‘residents to use the rivor ns a dumping place l'ornll kinds of refuse 
“and olfal. Manure is got rid of by throwing ifc into tho i$vrir. 
"Surface washing from barnyards, Stockyards and hogpons during r 
"every rainfall iind their way into it directly by natural ravines oi‘ 

“ artifmial ditches, whilst tho soak ago from all is continually going. 
" on. Tn fact the rivor is used as tho common sower of tho country. 

“Tho number of persons per square mile in.tho Assiniboinb 
"watershed probably does not exceed V person per square mile at 
“ the present time, n number so small that under ordinary circum- 
“ stances they would hr\ve no appreciable influence in the sewage 
"contamination of the stream, but of more importance on afccount 
“of the long narrow shape of tho river lots; the’location of their 
“ dwellings, out-buildings.and yards; The largo proportion of stock 
" kept by each, and the common mono of disposing of manure 
.“instead of using it as a fertilizer. While, therefore, there is’no 
ground for present alarm from this cause; tho indications are that 
“in the riot distant future, as settlement increases,.most stringent 
“ measures will have to bo enforced to prevent a continually in- 1 
“ ereasirig pollution of this stream, t * * * 

“Between Portage la Prairie'and Winnipeg the riveV; banks 
“are sedimentary and at all stages of water, except the-lowest,-arc' 
“subject to constant and very great erosion, so that for six months 
“in the. year the water carries in suspension great qrta’ntities of 
‘‘finely divided clay and sand. * * * * 

“ It is con,tidered that, this large quantity of sediment carried. 
“ by the water is at the present time its most objectionable fpature.’ 

My own examinations, so far as they could be made, .would 
tend to endorse these views; , 


The chemical analyses of the Assiniboine River water- are 
appended. (Appendix II). . . . 

Iho solid matter contained in the water of the river is high- 
and the hardness is also high, as the river ^passes' through a lime¬ 
stone country. The high percentage of albuminoid ammonia is cRie 
mainly to vegetable .pollution, such as leaves, stems and roots. 
Vegetable matter is comparatively unchangeable and does not- 
deeompose as -.rapidly as'animal matter, which fact is shown by 
the small percentage of free ammonia contained in the water. 
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Tho attompts made, up to tho present time, to purify tho 
Assiniboino River water, have only been partly successful. ,Tho 
filters, ns already mentioned, do not oporuto satisfactorily, and 
somotimeS nro entirely usoloss, • 


In order to render tho Assiniboino River water satisfactory 
jas a public wator supply it should bo purified and softened. 

Purification can only bo obtained by the uso of settling basins 
;and filters. Filtors nlo'no will not be successful., This is due, 
Spartly to the irregular character of tho water, 'being sometimes 
squite clear, and at othor times very muddy and carrying in sus¬ 
pension much fibrous organic mattor. For tho same reason it has 
[not been found satisfactory -to clarify tho Missouri and lower 
[Mississippi waters by passing them through filtors alone. 


Sottling basins, arranged so as to allow the suspended matter, 
p its greater part,, to subside, are unnecessary preliminary to 
Obtaining clear water. 'The water must subsequently bo filtered 
so that not only the slight turbidity which will remain is removed, 
Jbut also the organic matter and the objectionable bacteria. 

It is not necessary,in this caSe<tto adopt slow sand filters, such 

t 9 are used for most of the European water supplies, as the water 
as not a sufficiently high bacterial pollution to favor such a pro¬ 
cess. Rapid mechanical filters will answer the purpose and render 
the water, after it leaves the settling basin, entirely clear, and 
'there need be no difficulty in their, operation. These mechanical 
filters should operate under a slight ,head securing a constant flow, 
rather than under high pressure and a varying flow, as at present. 

'■ j Tho water of the Assiniboine River can bo softened; so as to 
make it serviceable for washing purposes, by the addition -of a 
.solution of lime and' soda. These materials could be added while 
the water is'being pumped into the'settling basin. Here/ the car¬ 
bonates removing the hardness are precipitated, together! with the 
bulk of the suspended river silt and organic matter. Thd water is- 
thus, partially clarified. Subsequently it is passed through filters 
I- to be thoroughly clarified, as mentioned above, 
r | It is estimated that for the purpose of clarifying a daily 
f supply of 2,400,000 gallons the settling basins should have-acapae- ‘ 
! ity for aj; least half this amount, i.e., 1,200,000 gallons, or 192,000 
; cubic feet. It would be'well to have a division into at least four 
basins giving each one a capacity of 48,000 cubic feet. 

IA flowing the water to stand .15 feet deep, each basin would 
havq an area of 3,200 square feet. They should be covered So as 


\ 



to lio profcoctpil from tlio inflnonfeo o£ frost, T^bosol assumptions - 
illicit require modi(ication when tho'lrespryoir is located. 

After passing tlio settling basins tho wittpr vroijld bo lifted 
into mocliaiiical gravity filters at tho rato of 3t>0 cubic feot per 
day per squaro foot ol filter surfaco, thus requiring \L280 square 
i'cet of urea. In order to obtain tlio greatest efficionciyXtho rato of 
How through tho fitters should bo uniform. I"have estimated for 
7 filters, each having IGA feot effective diameter. Tljo xhead re¬ 
quired is assumed at 18 -feet. Ono of the filters would uoco'ntinu- 
ally out of service for doaning. ' . , 

^ From these filters tho water would flow into thifr^serVoir and 
thonco be pumped into tho distributing system. >i 1 / 

The water used for washing tho filters and settljifi^ .basins, as 
woll as the sediment from the latter, would be carried' bock into 
the river. • . ; , 


To avoid tho necessity for largo settling basins it has recently 
been proposed to use filters having specially constructed settling 
compartments,- -Such filters are now- in use in Elmira, N.Y., Lorain, 
Ohio, and Kansas City, Mo. ^ Whether or not they Ultimately 
answer, the'.purpose of clarifying and purifying the Assinibdine 
River water, L am unable to state, as experience with speh filters 
is as yet too.limited. ’’ ; 


Assuming the use of large settling basins, the cost of the plant 
is estimated as follows: ' 

.1 Land for pumping stations, settling basins, Alter- -1 

- ing pl^nt, etc.$ 4,000 

Preparing grounds...■ 2 000 '« 

Buildings, chimney and foundation for machinery 20’000 

New -intakej....... 5 050 

; Pumping machinery, with boiler plant for power ‘ ’ 1 

and heating, two vertical triple expansion 1 i 
pumps' and two horizontal simple duplex ; 

v,. .P uu # . 31,800. 

Mixing plant for chemicals.3,000 

Covered basins for settling and softening..,. 40*000 

‘Mechanical filter plant. . ] 35000 

Drains for waste water.. V.", x’opO, 

\ - . . ' •- 

• n .. . ’ 141 850 - 

Contingencies and engineering 157 21 280 ’ 
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Assuming tlio uho of filters with small Bottling compartments 
attached, this figure would bo reduced by tho cost of two punipa 
and tho largo settling basins, and increased by tho cost of a greator 
number of filters of larger sizo. Tho cost of this plant would ba 
about $123,p,00. 

Tho chemicals required for softening tho daily quantity of 
wathr (2,400,000 gallons) and for procipitating tho suspended 
matter, are estimated as follows: " ’ . 

"Lime.G720 lbs. at j''cent...; $16 80 

Soda Carbonate, 960 lbs. at 1 cent.... 9 GO 

- Alum. 600 lbs. at 2 cents,... 12 00 

' , ’- $38 40" 

The daily cost of operating the softoning .plant 
and mechanical filters, removirigAthe sediment . 
and organic impurities from the settling basin, 
and repairs, is estimated at $10.00 per million 

gallons, or.,... . .. 24 00 

Pumping 2,400,000 gallons into the Distribution 
. ''Reservoir.i.. v .... 19 60 

Daily operation of softening, filtering and deliv- 
ering info Reservoir._.:.. , $82 00 

Therefore,.the annual -expense" for purifying and sdftening the 
'Assiniboine River water to the exfont'of’2,400,000‘gallons per day, 
and of delivering it'into the Distribution ReservoiT, would be 

; i, - i 

Interest on cost of plant, at 4 per cent v. . . $6,526 

Repairs and renewals of buildings.and machinery,>' 2,000 
Operation of softening, purifying and pumping, 

, at $82.00 per day.... . .. 30,075 . 


‘k 


$38,600-' 


If filters with settling compartments are used, the cost of 
the' daily operation might be reduced from $82 to $75, making- 
the total annual cost: . • * 


Interest on cost of plant, at 4 per cent-.. $4,920 

Repairs..,...'... 1,900 

Operation, at $75 per day.... 27,375. 


• '( 134,195 

, To ascertain the net expense .of softening the water, as against 
supplying'it unsoftened, but passed through settling basins and 
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^filtors, I append iin estimate for supplying purified but hard Assi- 
niboiue River water. 

-There would.ho a feductiomof $3,500 in tho cost of the chem¬ 
ical softening plant and buildings, making tho total .cost of the 
work $150,070, whefi using large settling basins, and about, 
$149,440, when using filters'with settling compartments.' 

The average daily cost of settling and filtering.is.estimated at 
$14. The cost of pulnping, if at the same station , where the water 
is pumped into tile distribution system, would be. $10 per day.. 
The whole operation Would cost $30 per day, or $10,950 per annum. 

Therefore, the annual expense of merely purifying, but not 
. softening the Assiniboirte River water^and df delivering it into the 
distribution reservoir would be,:, ‘ 

‘*i J> ^ 

Interest on cost of plant, at 4 per.cent..., $6,388 -p 

Repairs and renewals of buildings and machinery, 1,800- 
Operation of purifying and .pumping at $30 per 1 " . 

day...;.. 10,950 / v . 

, v ' $19,133 v ^ 

If filters with settling compartments are used, the daily cost ■ 
of operation might possibly be reduced to $.26, .'making the total ■ 
annual cost: . . 

■ Interest oij cost of plant, , at 4 per cent.•....:$ 4,778 

. Repairs . J ........-.-.... .;. ''ijoCf • 

Operation, at $26 per day..*... .‘.... 9,490 ' 

H‘ ' . r ~ —-— ■ 

$15,968 ' .. 

From the above figures it is computed that the daily cost of 
softening 2,400,000 gallons per.day, will be $53.33, when large 
settling basins are used, and $49.94 when only, settling compart- ‘ 
ments are attached to the filters. Therefore, the cost of'softening 
1,000 gallons of Assiniboine water, by the former method is 2.22 
cents, and by the lattfer method-2.08 cents. 

B,—Artesian Wells,' 

Borings made in the limestone rock whichv Underlies the City 
of Winnipeg, yield .water, as has already been\mentiohed. It is 
clear in appearance and ’in most cases palatable a&.a. drinking 
water,-but it is very hard. (Appendix Ilj! In some of the wells " 
the iron piping seems to affect the taste slightly, but it is practic¬ 
able to remote this taste by properly asphalting the pipes, and - 
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also by the pro'ccs/j of softening. The .oxcossive quantity of tjalt" 
which it contains .is not sufficient to'con.dortm the water for drink¬ 
ing, or other purposes, as it is 'not duo toorganic pollution. The 
analyses show S^t to.bo ontircly free-from such pollution. 

From the ^overlying strata of impermeable clay it' is impossible 
j that 'any surface wator in the City, ns for instance from the streets, - 
■'sowers,' privies or combterien,- would ponetrato into the artesian 
water. This fact is demonstrated In the 'wostern par£,of the City' 

- by the water rising above the su’rfaco of tho ground when.a well 
‘is pipod. Its source must thcrofofrr-bave a‘ higher elev'ation and 
consequently be at a distant point frotmthe City. , 

The analyses of the water from .different wells,-madomt differ-,, 
ant times, agree fairly yrell. (Appcndix II.) . • 

It is.stated that ini no' case, whero tho boring was made deep 
lenough has sucb a well failed to furnish . water. Jt.is alsasaicl 
[that sometimes the water has .had an-unpleasant-taste, but that} by 
|sink:ing thffwell deeper this taste has disappeared. ’ ^ $ / 

Fro’tn the test made at the Canadian Pacific Railroad well it. 
ras demonstrated that a .continuous" supply of this water caff 
be obtained,. If was’also demonstrated that the water , came from 
i wester]y' , dif,Sbtion,.and that to..pollect the same, ^6 would be 
necessary to sink a row of wells along a.line having a northerly 
^direction., - .,*•••, 

It has been remarked that the possible source of the artesian 
Iwater might be Lake Manitoba. While thisis-possible it’ is not at 
fall necessary : for oUr purpose to suppose such a source, - as the 
f amount which may. be drawn from‘the wells to supply the City of 
l 'Winnipeg might be supplied by the rainfall which soaks down 
'‘into the ground between this City and Lake . Manitoba. The 
impervious-clay stratum, overlying the limestone rock is found 
only in the Red River Vallejo Beyond it the soil is more porous. 
The rock crops Put at^the surface but a few miles west of Winnipeg. 
Befween such outcroppings and Lake Manitoba there is abundant 
opportunity for that part of the rainfall, which does not evaporate 
or rjun off into the streams, to penetrate the ground - ahd.enfer, .the 
fissbres of the rock. . \ 

i In my opinion, there will be no great difficulty in obtaining 
all the water .required for the City from this artesian source. It 
is only a question as to .how far north'to extend the pipe line and. 
the wells-to-gefcthenecessary-quantity.- -For-the.-purpose ofreaak-- 
in'g.an estimate of cost it has beeirassumed that such an intercepting 
pipe line to supply 2,400,000 gallons per day'will have to be at- 
least 5,000 feet long. 


' Tho water derived from this source, being always clear and 
without organic pollution, need not be purified. As its hardnoss 
is •'real, being a lit.t/h; grader than Unit of tho "Assiniboino River 
water, it would bo desirable to soften it!* 

No sett,lino basins aro necessary, as no prelimipuj^y-dTErification 
is rei|nired. The'precipitate which is caused Ir^tlio Softening 
process must, however, ho reifiovod from the water, Instead of' 
using nmclmnical filters for this purpose, elotli filters will answer 
better and he. less expensive. Such cloth filters have been used 
for several years in the water-softening plunt' at Southampton, 
England, and to clarify the Spring Valley water supply of San 
Francisco: \ 

It is possible that some,'use might bo found for the material 
which is strained out by the filters; but it is more probable that 
at lirst, it will have to he stored upon,the ground near tho works. 

. From 2 , 400,000 gallons of water there would be about six cubic 
yards of precipitate. (Appendix III). 

The water used for washing the filters and washing out tho 
precipitate, would have to be removed in a sewer or drain to bo' 
provided for the purpose. Jf the works arc located north of the 
' Exhibition Grounds, the drain could discharge into the ditch now 
running alongside of the Selkirk Branch of the Canadian Pacific 
Railway, or would have to be built to the Red River. 

The cost of this plant is estimated as follows : 


Land for pumping station, softening plant and 

wells. $3,500 

Preparing grounds.. 1500 

50 wells,' with connecting pipe; laid in a brick con¬ 
duit.. 57,500 

Buddings for pumps, boilers, fuel and softening 

plant . r . .'....' 25,000 

Chimney and foundations for machinery... 3,600\ 

Softening plant and filters :. 2fr,000 ‘ 

Two horizontal triple expansion pumps, with boiler - 

plant for power and Heating, etc.17,750 

Drains for waste water ..;.- o'qqq 

Deposit tank for precipitate,_ .....2 000*' 


r , „ . i ' rs *‘ $ 140,750 

Uiptingencies and engineering, 15/per cent, 21,120 


'$161,870 












Tito chomicftlH required for softoninp fcho daily quantity of 
hitor (2,400,000 gallons) and for precipitating tho suspended mat¬ 
er, arc ostimatod, according to Dr. Hut^dn's data (Appendix 111), 
ping tho average amounts of chom|c(ils given by him, as fol¬ 
lows : 

Lime.7800 lbs, at \ contj. $10 50 

Soda carbonato, 1080 lbs at 1 cent’;. 10 80 

Alum.GOO lbs. at 2 cents ... r 12 00 

- $42 30 

Labor for the softoning plant and for repairs.... 12 00 

Pumping 2,400,000 gallons from tho wells into the 
' tanks (maximum lift) at the city distribution 
pumping station... 12-00 

Daily operation of softening and delivering into 

reservoir.*... $66 30 > 

Therefore, the annual expense of softening the artesian well 
|ter, to the extent of 2,400,000 gallons per day, and of delivering 
ito the distribution reservoir, would be : / 

Interest bn cost of plant, at 4per cent. $6,475 

|, Repairs and renewals of buildings and machinery/ 1,500 
Operation of softening and pumping, at $66.30 

per day... . .. i . /. 24,200 

• ~ 

' / $32,175 

To ascertain the net expense of softening this water, as 
Jinst supplying it gnsoftened, I append an estifrfate of . cost for 
Implying it in its natural condition. 

- There would be a deduction of $54,470, for decrease in the 
Cessary load, size of buildings, pumping and softening machinery,' 
Siins, deposit tank, and foundation's. The total cost of the work 
|estimated at $107,400. - _ , . < 

The average daily cost of pumping, maintenance and delivery' 
|to the reservoir ^at' the pumping station, is$l 2 . 00 , or $4380 per 
snum. \ ^ ‘ -- 

-’^Therefore, the annual expense of delivering the natural artesi- 
well wgfer into the distribution reservoir would be: : 

. Interest on cost of plant, at '4%... $4,296 . 

/Repairs and renewals ....: . . . 1,000 

. Pumping, at $12 .. i....... i .. . . 4 4,380 

* ‘ ’ ' ‘ $9,070 















From the above fi"urca it is computed that the daily cost of 
softening 2,400,000 gallons per day will be $01.64. Therefore, the 
cost of softening,! 1)00 gallons ol artesian woll water is 2.67 cents, , 

\ C,—Poplar Springs, 

These springs nVc located to the north of the City and 1,7J 
miles therefrom. They have an elevation of S feet above the City, 
The territory between is flat, as shown by the profile attached 
hereto (Plate IF), the greatest rise being 10 feet above the elevation 
of the City, at 11- miles therefrom. v 

The quantity of water, as gauged at the large spring in July, 
is about 2,800,000 gallons per day, It may be less latter jn the 
season and in the winter. • - j 

As stated above, it is probable that by 1 boring and intercept¬ 
ing, a much larger quantity of water of a similar, character could 
be obtained. It is certain that the quantity "first demanded by the 
City can be Secured from the large spring alone, and later, by 
’reaching the other' springs, or by intercepting sufficient artesian 
water between the springs and the City, the future average amount 
of 0,000,000 gallons per day pan be obtained. 

* - The water of the Poplar Springs'is very clear, without organic 
pollution, and need not be purified. Its hardness is not as great as 
that of the city artesian water, nor as great as' the Assiniboine 
River water, and according to J Dr. Kenrick its hardness is only 
temporary and can be removed with lime alone. (Appendix ll.) 

While it is by no means a soft water, it might perhaps be 
considered sufficiently-soft-for city-use. For washing purposes it 
' would he desirablefyo add some soda to it. This should be done 
the day before using it, so that the precipitate will settle, tbe'clear 
water can be poured off for use, and'the sediment thrown away. 

~ If subjected to a softening process by the City/ the works 
■ should be located near the springs. The water would there be 
lifted into & softening basin, receive the necessary chemicals and 
be filtered*tlTrough cloth, a3 in the case of the artesian well Water. 

The water/used in..washing the filters could be led into a ditch 
near by, which now carries off the water of the springs. - . -> 

Tlie distance from the City necessitates the laying a conduit 
to it from the springs. It would be sufficiently large and durable 
td carry not only the quantity of water at once' required, but the 
future-quantity of 6,000,000 gallons per day, .or 11.14, cubic feet 
per second.-, 7 

Wooden stave pipe, if it is Constantly ’under pressure, is, I 
believe, as good, in your climate and conditions, as .iron pipe. If 
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[lndor pressure and nob painted, the .Wood remains saturated, the 
jap iB removed and decay postponed, if not entirely prevented. 
jSuch pipe yvill readily stand 100 feet pressure, The steel bands 
ased should bo of the best material, of ample strength and' caro- 
ully made. They should bo well coated,with properly prepared 
splmlt. , , 

The total length required is about 92,400 feet, or 17.5 miles, 
’lie diameter should be 3(1 inches. The loss of head in this conduit 
pc to friction is assumed at 0.329 per thousand, when carrying 
)000,0()0 gallons per day, and 0.064 per thousand when carrying 
,400,000 gallons per day. In case a stnYc pipe is used, tho friction 
iight l^e slightly reduced. ^ 

| Tho necessary total lift to deliver the water of tho springs 
to the City’s reservoir is 31.6‘feet for 6,000,000 -gallons, daily, 
id 11 feet for 2,400,000. gallons daily, not considering the special 
It for the softening process, which is lt) feet additional in each 
se. 


There would probably be several summits in the pipe at which 
[-escape valves-would be required. It is estimated that the top 
the pipe is covered! with at least six feet of earth- thqffefvent the 
er from freezing.; The conduit would'discharge into” the ; dis- 
utiom reservoir in, the City/from which, as in the- other cases, 
water would be pumped into the City mains.- 

The cost of plant'is estimated as follows: ' 

"Land for pumping station, softening plant, 

•springs and'pipe line .$ 1,200 

Preparing grounds... 600. 

Developing springs, well, etc .. i .. 3,000 

Buildings for pumps, boilers and'softening plant 25,000 

Chimney and foundation for machinery_... 3,500 

, Dwellings for men ...... . 1 ......... 2,500 

Softening plant and filters.. 25,000 

Two horizontal, compound condensing • engines 
and two simple high pressure engines with 

boiler plant for power and heating .. 18,250 

92,400 feet of 36 in. stave pipe, including valves, - 

etc.-..... 388,000 

Deposit tank for precipitate .,.. 2,000 


, , 468,950? -- 

Contingencies and engineering, 15 per cent.... 70,340 


$539 290 











Altlrougli (requiring a stljnllpr qunntity of chemicals, the" cost 
of softening would bo nearly as much as,softening the artesian 
well water, owing to the fact that but fow parts of the plant could 
be reduced in size. , . 

The chemicals required, according to Dr. Hutton’s average 
figures, for softening4he daily average quantity of water (2,400,000 
gallons) and precipitating tho suspended matter, soda being omit-, 
ted in this case, arc estimated as follows : 

Lime, (i,6001bs. at | cent . *... $16.50 

Alum, 600 lbs. at 2 cents . 12.00 

■ -.$ 28.50 

Daily cost of operating the softening plant, and 

repairs ... 1200 

Pumping water from the Sprlngs into the tanks - . 

and conduit (maximum lift) . 24,00' 

Daily (Relation of softening and delivering into 

City reservoir ..’. $64.50 

Therefore, the annual expense of aoftening the Poplar Springs 
water, to the extent of 2,400,000 gallons per day, and of delivering 
it into the city distribution reservoir, would be : 

'Interest on plant, at-4%.$21,572 

Repairs and renewals of buildings and machinery. 1,500, . 
Operation of softening and pumping, at $64.50 1 

per day.-.... 23,543 

$46,615 

To ascertain the net expense of softening this water, as against 
supplying it unsoftened, I append an.festimate of cost for supplying 
it in its natural condition, / , 

, There would be a deduction of $51,990 for decrease of size of 
buildings, in the number of pumps and omission of softening 
plant, etc. The total cost of the work is estimated at $487,300. 

- i aveta S e d ail y cos ^ °f pumping, maintenance and delivery 
into the city distribution reservoir “is $18, or $6,570 per anniW 

\ Therefore, the annual expense of delivering the natural Poplar 
Sp ri , n g s water into the city distribution reservoir would be : 

Interest on cost of plant, at 4)/. . . /$19 492 ' 

Repairs and renewals ° 

Pumping, at $18 per day ...! V ‘) * j | ‘ ‘ ~ " ] ‘' g’ 570 

• - - $27,062 

. . / < 
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Prom tho above figurps it is computed that the daily cost of 
f toning 2,400,000 gallons per day will bo $53.67. Therefore, tho 
st of softening 1,000 gallons of Poplar Springs water is 2.23 
ts. | ‘ 

/ D,—Winnipeg River, ~ 

The only object in considering bjys somewhat distant source, 
in the reputed natural purity‘and softness of its water., 
tcad of draininga limestone country, its water passes through 
mntry of azoic rooks, such as gradite and gneiss, which do not 
tjpn minerals thrftby solution materially harden the water. It 
nly necessary to tap the river and bring the water ip its 
ural state into the City. 

The nearest point at which it' can be reached is above the • 
th of the Whitemouth River, a tributary from the south, and 
t 54 miles from the City. 1 

It has been suggested to go below this point and take the 
r from Lac du Bonnet, requiring a conduit perhaps 10 miles 
pr and a corresponding loss of head by friction. 1 Tjie only 
"cation for this suggestion would be the advantage o fallowing 
spended matter to settle in. the lake by tlje reduced yelocitv 
water in passing through it, and thus to a get clearer water. 
:turBidity of the water/existing during the lattet part of 
ummer, is, however, mainly caused by very fine and light 
hies of vegetable matter, and most of these would probably 
In in suspension, unless tho water came to an absolute rfest, 
h it does not. The additional expense of going.to^Lac du 
et would therefore not be justified by getting-lit begt but a 
slight improvement in the clearnes s-of-tEe water during a 
ft time in the summer/* A ? survey was therefore' made from 
kerrhejyl Riyer Jo-the^ne^rest point where the river could be 
^Betweengthe^City and Brokenhead River the territory 
isuffieipptly/well known! <-.• 

tEIyi character of the water cannot vary much between the 
uth of the English River and Lac du Bonnet, excepting that the 
itemouth River might soinewhat decrease the purity below its 
uth. Between the English and Whitemouth Rivers .thpre are 
ny rapids and falls, as well as bends, which vertically and 
ierally so thoroughly mix the water that its quality can be 
sidered the same anywhere in the current. The velocity being 
id the; water must retain fine matter in suspension. , 
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Tlio bust polnl; nfc which to take the water for the Oity is just 
above the mouth of the Wliiteinouth River. The Winnipeg River 
was examined ns far up as throb miles beyond this point. 

The water wiis carefully scrutinized: It had, a distinct 
brownish-yellowish color, was slightly turbid and full of fino 
suspended matter, which Wiis evidentjy of vegetable origin. The 
water was frec|tiontly tasted. Its taste was not pleasant, and in¬ 
variably sligb,tly bitter, which is usual in waters containing much' 
vegetable matter. No doubt for perhaps 9 or 10 months in the 
year this water is clear Sit'd very palatable. 

SamprSS'-for analysis were' taken ^pear the point where an 
intake should be placed, and they well represent the average char¬ 
acter of the Winnipeg River water at that time. The analyses 
(Appendix- II) show a moderately good water, but a very high 
percentage of albuminoid ammonia, several times the quantity 
that is considered permissible in England’for the drinking water 
of that country. But this high percentage, as already stated,'“TiT 
due to vegetable matter and is explained by the large areas of 
forests and muskegs.situated oh its drainage area. The very small 
percentage of free ammonia indicates almost no pollution by animal 
matter. • f - 

The plan (Plate III) and prolife (Plate II) show the terfritQry 
over which the water would have to be brought: to tbe.tjSitiy. '“The'" 
elevation of the Winnipeg River where it could be tapped is 84’3 
feet above sea level. The lowest elevation at which, a pipe line 
-could cross the high land between the Winnipeg, and Brpkenhead. 
rivers is DIO feet, or 97 feet above the Winnipeg River. From 
this point the pipe would fall 103 feet to the City reservoir*- The- 
total length of pipe is about 285,000 feet, dr 5,4 miles. ' 

The pipe should be sufficiently large and durable To Carry, as 
estimatedjliefbre, 0,000:000 gallons peV day, or 'l 1.14 cubic feet per 
sccond.rjljkre to thg different gradients available,* the diameter 
would be thirty inches from the Winnipeg River to Bird’s Hill, 
and 28 inches thence ttffhe’City. - . 

The loss 6f head in this conduit due to friction is assumed at 
0.784 per 1,000, when carrying 6,000,000 gallons per day, and at 
0.145^ per 1,000 when carrying 2,400,000 gallons per day.' (Hfkstave - 
pipe is Used, the friction may -be slightly reduced. 

■ There would be numerous summits on this pipe line where air- 
escape valves would have to be provided. The pip& is supposed 
to be laid in the gtound so that the minimum earth covering would 
be Oj feet, or so that its centre would be 74 feet below the 
surface,- to prevent the water from freezing. The pipe would, 
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ls in'the other projects, discharge’into tho distribution reservoir 
n the City. ,'/ I „ {i j • /, . ' 

It is found that tho ndcessai'y/tdtiil lift to deliver tho water j 
>f the river Into tho CityV reservoir, is' 146 feet for G,000,000 1 
gallons daily, and 10G feet 1^ 2,400,000' gallons daily. 

Thor,O'Van ample t]liarvi^W of watdsr and depth of fall at the . 
roposod ,'irttako to allow thef pumping to be done by wator- 
owor. Yet, to build -workslfoAthis pfarpOso alone, and which r 
'ould oporate' economically,ana without failuro at both high and 
>w water siagcs,_-WOuld..be-a inoi’§ expehsive undertaking .than 
i erect a steam pumping plant and use as fuel, wood which ■ 
iounds in the neighborhood. ^ 

The cost of this plant is estimated as follow^ : 


Land for pumping station and pipe line. $ 2,GOO 

Preparing ground and roads .... M. 1,500 J - 

Intake works, well, etc ... 1,000 

' Building for pumps,and boilers.m .>.... 6,000 

’ Chimney and foundations .. i jl.QOO 

I Dwellings,for men ... ....:. j..... ' 2,000 1- 

, Two horizontal triple expansion engines, < 

[ with boilers .:.* 19'500 

, Pipedine to City, 34'miles .. 1,246,700 

f ' ' 1,280,300 • 

l Contingencies and engineering. 15 percent.. ■ 192,100 


" $1,472,4^0 

The annual expense of delivering ( the Winnipeg River waterk. 
ihe extent of 2,400,000 gallon3 f 'pgr day, into the, Ci|y dis- 


ution reservoir would be : , ! ' 

i * •' . ^ 

Interest on cost ot plant, at 4 per cent ; .. $58,895 

: Repairs and renewals of buildings, pipe line and 

•machinery ....; . 2,000 

1 Pumping, at $25 per day.........._. . 9,125 


[ $70,020* • ' • , < 

E.—Comparison. 

It remains now to compare the several projects which have ; 
been examined, as to the quantity and quality of their water, l 
as to their relative economy. 

Both"theTfesiniboine and Winnipeg Rivers are - so large that. ,. 
i at seasons of greatest drought they can supply sufficient 
t^tec for the City. - ' 













t|io Poplar Springs delivor sufficiqnt water for about 40,000 
porsopN. By winking wollw along tho lints of the conduit this quan¬ 
tity could bo increased several tiinow, and .without question, furnish 
suilicient water for 100,000 porwons. 

Thji^ivtesian well supply can likowiso furnish tin* roquirod 
quantity In order to obtain tho same, it is only nocessary to sink 
a sufficient number of wells in tho western part of th o City and 
extend them in a northerly direction. "i ; ■ 

If wo compare tho natural waters as to palatabijjtv, but 
irrespective of their softness, wo may place them in the 4 £|jfowing 
order: • jy'i 

1. Poplar Springs. 3.. Winnipeg RivprQ - 

2. Artesian Wells. 4. Assiniboine Rivety/’' 

If wo compare them as to softness,-ive must give worn the 
following order: , . Vf 

1. Winnipeg River. 3. Assiniboine Itiv^.' -- 

^ 2. Poplar Springs. 4. Artesian Wells. 

Considering b^th the palatability and softness of these waters, 
when in their natural condition, I should feel inclined to - place 
them in the following order: 

1, Poplar Springs 3. Artesian Wells. 

. 2. Winnipeg River. 4. Assiniboine River. 

' If the hard' waters are softened by a chemical process, and tho 
Assiniboine River water is also filtered, I should consider the order 
of preference,„as regards palatability an&hoalthfulness of. all four 
projects, as follows: 

‘ 1. Poplar Springs. 3. Assiniboine River. 

. 2. Artesian wells. - 4. Winnipeg River. 

The cost of softening 1,000 gallons of water in the several 
projects is as follows: , ’ ' . - . 

1. -Assiniboine River.^.2.22 cents. 

2. Poplar Springs.... -.2.23 cfents. 

„ 1 3. Artesian wells... 2.57 cents. 


These differences of cost are scf flight as to have hardly any 
weight in deciding upon the preference. 

The cost of softening any of the Winnipeg waters, as here 
determined,.is not so great, in my opinion, as to prevent its 
adoption, although it much exceeds the usual cost in England. If 
a family of five persons use 300 gallons of water per day the cost 
•of softening their supply would'be less than one cent per day. 
According to Dr. Hutton, the softening jrocess would reduce the 
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carbonate of lime from 28 to 17 grains por gallon, a reduction o! 
11 grains. If wo assume approximately that, each grain of car- 
bonato of limo per gallon increases the amount of soap nocoss'ary 
for. 100 gallons, by 2 ounces, then, if sufficient soap is ordinarily 
adciod to malco tho water soft, tho softoning process proposed for 
tho City woulcPsavo 1^ pounds of soap por 10.0 gallons of water 
used for washing purposes. ' 

Comparing tho projects as to cost, I shall state them, first, in 
tho order of the necessary capital which must be expended at the, 
outset, to deliver the water into tho city reservoir: 


f . NATURAL WATERS: 

1. Artesian Wells... $ 107,400 

2. Assiniboine Riv^, filtered, ($119,440),... 159,570 • 

3. Poplar Springs..■. 487,300 

• 4. Winnipeg River.... 1,472,400 


SOFTENED WATERS: 

1. Artesian Wells... $ 161,8.70 

2’ Assiniboine River, filtered, ($123,000).... 163,130 

3. Poplar Springs... r‘,.. 539,290 

The figures given in parenthesis cover the cost of using filters 

frat have settling compartments attached to them, thus obviating 
ie use of large settling basins. ’ t ' 

The Artesian well project, it will be-seen, requires tho least 
Utlay, both when the water is softened, and when it is delivered 
its natural state, excepting in the case where settling compart- 
|ents are substituted- for largo settling basins in the Assiniboine 
iver soft water project. / 

Secondly, these projects are given in the order, of annual 
rpense, including both interest on outlay and cost of operation. 

"NATURAL WATERS: Y Y; r 

- 1. Artesian Wells. 1 . $ ’9,676 

2. Assiniboine River, ($15,968),- v ... 19,133 

3. Poplar Springs.'... 27,062 

4. Winnipeg- River...,.;. 70,020 

/ SOFTENED WATERS. 

*1. Artesian wells....$32,175 

2. Assiniboine River ....’ .($34,195) , 38,600 

, 3. Poplar Springs.... 46,615 

This comparison indicates .tlmt the artesian welj supply is the 
least expensive, whether natppYor softened* water 'is Supplied. 















Next in order in tho Assinilioino River Hiipply. /Using small sot- 
Uinc compartments iod to tho filters, l)io annual cost is 

reduced seveml thousand dollars. Owing to fjm soinowhafc exjfOri* 
mental diameter in tin* use oi such compartments, I prefer, how¬ 
ever, at llm present time to use the larger figure for comparison. 

The ei-eiiter cost of. the Assinihoino Riyor project is accom¬ 
panied also v/itli the disadvantage, flnit in/its natural state the 
water is objectionable at certain seasons of the year, and that the 
future may see it more hr less polluted. /While filtration should, 
remove this objection ahnost entirely, the latont danger will, never¬ 
theless, still exist, ami conscientious care ^ind attention must bo 
oxercised to overcome it. . No such danger exists in tho. artesian 
water. ", 

"it therefore appears that tho artesian supply is not only 
cheaper, but also safer to use, than tlpit obtained from tho Assini- 
, boine River, „ 

, In view of tlio advantages of soft over bard water, its- stated, 
in tho i'ntroiRiction, the small expense per family'would surely not 
bp resisted, and I shall as,sumo that you tvill prefer the supply of 
softened water.' ' . 

I 


, III. 

DISTRIBUTION SYSTEM, 

1 , After the water, soft and clear at all times, is delivered into 
the city reservoir, it is then necessary to distribute it itfsucb n_ 
•maimer as to furnish the citizens with the quantity they need and 
also with a fire pressure. 

It has already been said that for reasons of economy fire 
pressure should be furnished only when required. At other times 
the pressure should he moderate and reduced to a minimunm'during 
the latter, half of the night. (Appendix IV A.) 

The quantity of water consumed is greatest during the day 
and least during the night. The pipe and pumping system must^ 
„ therefore be proportioned to supply these varying quantities. 

, Thus, it is assumed; that the maximum consumption is one and 
three-quarter times the average; or t for a mean supply of 2,400,000 ' 
gallons per day, it is taken at the rate of 4,200,000 gallons pen‘day. , 
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A distribution reservoir is therefore required to receive tho 
water from the softening plant at a uniform rate, to storo it and t|) 
enable tbo pumps .to, draw tho quantity that may bo required at 
any moment, ' (Introductory.) 

The capacity of such a compensating rosorvoir is assumod at 
1,0^)0,000 gallons, While it is usual to make this capacity groator, 
sojas to allow of a temporary stoppago of the dolivory works for 
repairs, it is'thought that tlio groator oxpenso is hardly warrautod 
in y.our case, rig to tho proposed method of collecting and soft-' 
oning the,water. J' ’ 

A table rosorvoir is sometimes Used in order to allow tho: 
pumping to bo suspondod during tho night, w,hpn tho draft is least. 
But such a suspension is not advisable in y^r city, unless 'tbo 
tank were placed sufficiently liigb^to furnish fire 'prossujro. Such 
[U Height is impracticable. Pumping must bo .continuous and the 
iole purposo of tho reservoir, is to compensate for the irregular 
'raft. J 

A, stand pipe is sometimes ;usod to equalize the varying pres¬ 
ses, and to relieve the pumps of sudden strains and shocks, 
jtodern pumping machinery, however, does not necessarily require 
Ms safeguard, as protection<-can. be providod in other'ways. More- 
|er a stand pipo would not be advisable in your climate for other 
ions. - , . ■ 

The distribution reservoir should be built underground, and 
jrered with masonry arches resting on piers. Its dimensions 
Jrn been assumed at 106 feet square and tho depth of water at 
fleet. 

The pumping’ station, at which the water is pumped from the 
servoir into the mains, should be the same $s. that at which it is 
Imped from the wells to the basin of the softening plant. The 
onomy of operating a combined station is apparent. It should 
i located beyond the Fair grounds and near MePbillips street. 

The pumps have been estimated in duplicate and are to be of 
le/best class, with triple .expansion, so as to economize ’as much 
E possible in fuel. 

The pipe system starts with a twenty inch main, and.conducts" 
|ie water to the inhabited parts'of the city. 

Colonel Ruttan has suggested a pipe distribution system for 
Ms purpose, which I have examined and can fully approve, as 

f iing well adapted to give both the quantity and pressure required, 
can also fully endorse his advice to have no maids; smaller than, 
|x inches in diameter,"except in connecting two pipes from one 
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, block to another, for which 'purpopo a four inch .pipe can be used; 
if no lire hydrant is connected with it. No four-inch' piped/ 
however, lmvo been'included in the estimate of cost. 

Fire hydrants in your climate should be of .the post pattorn, 
so that - they can ho readily seen when snow covers the ground\ 
They should, if practicable, have a drip connection with a sower 
or with a small, pit provided for the purpose and filled with coarse 
gravel. ~ . f 

The length of pipes necessary for a population of-40,000 
persons, I have estimated'at 05" miles, while for a population of 
100,000 persons this length might have to be increased only 40 per 
cent. As the buildings are now somewhat scattered and as they 
should all ho supplied with water, excepting those at the outskirts, 
I,rclid.not think it well to estimate a smaller mileage. 

The number of valves and hydrants are. given at the.minimum 
allowance that is, usually considered permissible for the above pipo 
mileage. s - , 

It-was stated in the Introduction that the consumption per 
inhabitant,-particularly when the pressures will be increased, could 
mot be kept as low as the rate assumed in this report, unless the 
water supplied, to consumers is rphtered. I have therefore allowed 
for metering'the,entire supply^ ' 

It should be added hero that the metres should be the prop¬ 
erty of the City. - Na control could otherwise be exercised over 
•them, nor a - guarantee offered "that their registration was-fairly 
accurate. v 


; 


Th e service pipes loading from the mains to the buildings 
should be laid by the City. It is best thab x there should" be ,a 
municipal control of all works located on public property and 
requiring the temporary removal of parts of pavements. ■ But, 
as the;seiyice pipes, arc entirely in'the interest and -for the 
if ne rf l i e refi P cat -' v,i consumers, it is proper that their cost 
should bet borne by them and that these service pipes should bo 
■ ^considered as a direct benefit to the property. Their cost is, 

•therefore, not charged'to municipal plant. -■ ■ , \ ■ 

In establishing a waterworks-plant provision should be, made 
or a storehouse*and repair,shop, which are" necessary adiuncts to 
the distribution system. . ' X . 

t * -Am estimate of cost of- the entire distribution system, most 
of which .will, answer for a much larger population than 40,000 
persons, is given below. It has been the intention to make this 
estimate hberal, so as to fully cover all contingent expenses. It 




is. of course unnecessary to lay a greater longth of pipo or to 
sot more hydrants than may bo required at any given time. 

Distribution Reservoir..... $45,000 

Pumping Station: “ ' 

Land . f' . 1 ..."$ 2,000 

Preparing grounds _. 2,000 

Buildings, foundations, chimneys, etc . .... 15,000 

Two horizontal, triple expansion, high duty 

pumps.. '76,000 


! Distribution.Pipes : 

4,000 ft.-20 in. pipo, lai 
4,800 
6.000 

12.500 
27,000 

36.500 
.54,000 

200,000 

alves: ' 


18- 

27- 

50- 

333- 


95,000 


at $4.60 per ft. . $18,400 
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56,700 
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1.70 i „ 


62,050 

, 8 " , 


II 

1.30 „ 


70,200 

<2 ' 


II 

0.90 „ 


180,000 

20 inch 

valves, 

in 

position, at $230 

$' 690 

18 „ 

It 


II ft 

162 

486 

16 H 

It 


H II 

118 

472 

14 ,, 

Ml 



103 

1,339 

12 „ ■ 

If 


II II 

88 

•1,584 

10 i. 

II 


II II 

77 

2,079 

8 „ 

If 


M ' II 

65 

3;250 

6 „ 

II 



57 

. -18,981. 


457,290 


lydrants: ■ - 

350—8'inch.hydrants, in position, at $130 $45,500 
220—6 „ „ . „ „ 100 22,000 


leters: 

4950—| inch*meters, set,in place, at $12.20 $60,390 
1230—f « '< „ 18.3.0 22,509 

350—1 . „ > „ „ 24.40 , . 8,540 

60—1^ .. . • „ „ 42.00 2,520 

10—2 „ „ „ 68.40 684 


$28,881 

67,500 

$703,671 


* 


$94,643 
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Storehouse and 'machine repair shop .. 

10,000 

, ' 

$808,314 

Cbnlingciicius and engineering, 10 per 

coni. "80,831 

_' 


$880,145 

The annual cost of the distribution systorn, as above estimated, 
will therefore, be as follows : . 

.Interest on SSS! 1,1at"-1 1 per cent .... $35,1)66 

' I’uniping 2/100,000 gallons per day........ ^.'.. 7? 13,140 .. 

' M ninfpnntu'C nrul roimiru . .5.000 

' . - 

$63,7°^ 
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UTILIZATION OF PARTS OF 

THE' PRESENT 

SYSTEM, 
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The foregoing investigation lms Leon made on the supposition 
that'.tlfi: franchise of the company now supplying the city with 
watdCiMton expires, and that every obligation on the part of the 
Cl|ty''Vpwanls the company then ceases. 

li\ such a east!, the City would be free thereafter to adopt 
’ whatever gouree of supply, and to build whatever system of dis¬ 
tribution jt^night deem best for its interests. The investigation 
for. a ncw/supply lias therefore been made as though - the present 
works were wholly private. 

The resulting conclusions have indicated that another source 
i- than Idie present one would furnish better water and at <a less 
expense. - A question then arises:. Cannot some pacts of the 
present wjprks be embodied in’ the better system ? If so, there is 
- no necessity for duplicating them, and the City should buy them 
from tlfti ejjjrfpany at a fair valuation. 

As the pumping station of the proposed works, would he in a 
different locality, only the pumping maebiriery 'and filters might 
perhaps be utilized. 

The pumps operated by tbe company neither appear to be in 
.first-class condition, nor are they designed to do as economical 
work as can be done by a higher type.of machinery. At the time 







so ' * • 

i 

Whon tho franchise expires, it is - a quostio’n whether tho present 1 
pumps^would bo \yortn moving and ro-erocting to porform so 
important a duty as would bo oxpoctod of them. I tneroforo do 
not advise their purchaso and liavo estimated fcrr now machinery. 

Tho filtors are of a dosign which is not well adapted to tho 
purpose of raigoying tho crystalmo procipitato causoJ by_tho soft¬ 
ening,.of tho well' water. Their operation would be'at'least 
troublesomo ancT expensive, and.I can not recommend them as a 
part of the new system. \ il 

On tho othor - Kand, tho piping can largely be ptiljzed. I am 
informed thjaE there arma few miles of old pipe, joiriod simply by 
Icon tact without load. If these pipes cannot withstand tho’ 

inctoasecTnto pressure, they have of course little or no valuo in the- 
‘Bjstributjoh system. The other pipes, namoly, those having joints 
gaulked $uth lead, and which constitute the major part of the 
ps'fem,*arc reported to. bo in good condition., These pipes could 
lerofore^be embodied in tho new works, wherever they allow 
afficient-' circulation and pressure. Where they do not allow of 
Sis, the smallest pipes could bo discarded and replaced by larger 
ges to act- as feeders. * _ 

|; The value of the pipes of a distribution system, when they 
(je been in the ground for some years, is of course less than the 
ge of new pipes, because their life is limited by bping subject to 
jual corrosion. 

I The value of the hydrants and vnlvjsfis also dependent upon 
Jr actual condition, and those which are suitable might be 
aodied in the new system. " • 


V, v. 

3THODS OF PROPORTIONING THE PAYMENTS 
FOR THE SYSTEM. 

The total annual cost of supplying-the city q^ith 2,400,000 
allons of water from Artesian well-v, as v 'estimated above, is as 
bllows: £ • ; p 

Softened and delivered inta/reservoir.$32,175 

Distributed-throughout cityi.... A, .£.„ 53,706 


$85,881 





At iliis place ii is proper to add an annual allowance\,for ad¬ 
ministration expenses and contingencies, which I place arbitrarily 
at $20,001). Thin {fives a total annual expenditure of $105,881, to 
cover Which a, revcnuO muni ho provided., 

This revenue- is 'assumed to be met by the following pay¬ 
ments: ' - . ' 


]. Tho city at largo pays for the water used for public pur¬ 
poses, such as tire extinguishing, street sprinkling, fountains, shwer 
flushing, etc. 

By the use of meters or by estimate, it is practicable to deter¬ 
mine this cpiantity with sullicient exactness. As the water docs 
not need to be softened when used-for these purposes, it might be 
considered fair to charge tho city for the same at the cost of the 
natural well water, and it will be so charged in the.’follbwing 
estimates. . I- , ’ 


2. iho abutters to-pipe lines pay an annual charge per run¬ 
ning foot of pipe when laid in front of their property, whether it 
is improved and water is "used or not. 

This is a fair charge, because, after a water main adjoins a lot, 
the value of the lot is materially increased and the cause of such 
increase should be willingly paid for. If, for instance, the lot has 
50 feet irontage, and the charge is 5 cents -per foot, the annual 
assessment is $2.30. Assuming 5 per cent interest, the value of i 
50. toot lot should have been increased $50 by the added water • 
privilege. It can hardly be doubted that the real increase of value , 
would be much greater. It is proper not to charge corner lots for' 
the pipes laid on both frontages, A deduction should be made on 
the longest front lor perhaps 50 feet back of the house line.' This" 
distanrais.wu.ried 'became it is not probable that a'second'house 
will be built upon such a lot within 50 feet. With this, ora ■ 
similar allowance and with the deduction for ' the street'inter- ‘ 
sections it is usually found that tho assessable frontage is about ' 
two-thirds of the total* mileage. As this was assumed at 65 miles' 

be “ sed on both si des of the pipe, at ' 
least- 400,000 feet of frontage would Le available for this charge. 

3 Consumers to pay for the quantity'-of .water they use. * ’ 

I here can he no question as to the propriety of paying in pro- 

kt to - ihe .>>«*«! r™„ »g„ii/* te ns p id 

therefore ra proportion to .tho” amount of .vater need The 
Kinl"™”,” rapnPy, increasing ih .America, and Europe 

&.$?. c p oSitL mc,surm6 '" ter ' - ,* rw** 
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Assuming that you will adopt tins modern 1 and just mode of 
charging^consumcrs, a rate per 1,000 gallons should be fixed ; but as 
fnohtipped in the Jntoductory, each consumer, should be charged 
with a riiirrimum price, irrespective of the quantity consumed, and 
payThe'i meter rates only for excessive'.quantities. ’ ' - 

' ‘ i U ** ' 

Yoii-.will best know what you .would prefer to state as a 
minimum rate, or how to adjust it. ’ For purposes of estimate I 
shall assume that it is placed at 30 gallons per head per'day. This 
quantity of water is nearly equal to that used per inhabitant in 
London, England.' It ehould therefore be sufficiently liberal. On 
ithe other hand lj( ’-if we compare it with the cousumption per in¬ 
habitant in the United States, it cannot be considered too liberal, 
ind therefore a hardship upon the poorer classes. The average 
private consumption per head will he much greater, and, so far as 
the income is concerned, I think it can safely be placed at 60 gal- 
pns per Head. 

The works as estimated are to serve 40,000 persoqp. There- 
Dre, the revenue should be based upon this number. This 
gjpulation, however, will not be served for a number of years after/ 
works have been built. Therefore, 'an allowance should be • 
»dc to cover the deficiency in the revenue. This purpose is 
Ved, I think, by proportioning the charge against consumers 
mg 33,000 inhabitants, or, assuming 5 persons to the family, 
ong 0,600 families or water takers. There is at present a. 
jailer number, within ,tbe‘territory to be furnished with water^ 
>there may be 8,000 families when the population taking water 
ches 40,000 persons. 

From what has been said regarding the method of paying for 
works and for the water to be furnished, it is seen ‘ 

Scome is to be derived from three, sources^JJie-Uity^tTarge, the 
putters and the consumers. The—GHr^at large' is charged for 
rater, because it does not. need to be softened, at a smaller rate 
pan the consumers, on whose account the. entire supply must be 
mened. 

The following -statement shows the probable income per 
Snnum: • 

City at large”: 

2OO,O0O gallons per day at 12.5 cents per M.,.. $ 9,125 

2. Abutters; " - - 

400,000 feet frontage at 5 cents per foot. 


20,000 



3. Consumers (average): . 

33,000 persons at 00 gallons,or 1,980,000 gallons 
/ per day at 15 cents per M.... 108,565 

4. Lrfst, or not chargenblo, 220,000" gallons... 


J $137,680 

Therefore, the annual charges wouldprobably be $137,680. 

^is thus seen that thmebarges apparently exceed the cost by 
over do per c<?nt. In an enterprise like this one, haying a few 
Uncertain factors, it is a good business principle to rest it upon a 
safe basis. It is better to assume high rates, with a probability of 
reducing them in the future, than to resort to,the unpopular 
necessity of increasing them 

The rates can be practically reduced at any'time by allowing 
> 0 ; discount for prompt payment. The following statement shows 
t)ie rasult when 20 per cent is allowed the abutters and consumers 
for this promptness, and supposing tli it every one were to avuil 
.^iimsclf'of the privilege: 


City at large...$ 9,125 

: Abutters... 16,000 

Consumers (average). 86,844 


„ , . $111,969 

While this figure still exceeds the estimated cost, it is wise to 
keep it in excess, particularly at the beginning of the period, when 
the water takers are comparatively few and the outlay is great. 
In fact, the privilege of a discount should depend upon the actual 
conditions at any time, and the amount of the discount should be 
annually fixed by the City Council, in accordance with the necess¬ 
ities or the case. 


„ ^ as ^^ed to me that many of the poorer.' families are 
furnished with hard water by watermen at the rate of 25 cents 

Pf *"!'T * WltC1 u 13 I" rther sai,] to last them about a week. 
Thus they pay about $12 per annum. • For the same money 
the city can furnish them with many times this quantity of clear 
and soft, water, through out'the year. 1 J 

n us , SU PP 0SC \ that a family does not use more than 30 
gallons pei head, or m all 3o0 gallons per day. At this rate 
hey would consume 54,750 gallons per annum. They, may choose 
to take advantage of a 20% discount for prompt payment or not; 
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provided tho city can give this reduction. They may reside on 'a 
25 foot, or on a 50 foot lot. Tho annual payments under thoso fbur 
conditions would bo us fbllows : 

fvjfSf 

- 60 foot lot,— . 1 * 

No discount . ..... .v-^..,..77 $10 71 

' Discount...... • 8 57 


25 fdbt lot,— ' 

/ No discount. : .' 9 46 

, Discount.... 7 57 


It is’ thus seen that the poorer classes would have but U' 
moderate rate to pay, and got an ample supply of water therefor. 

I have assumed a constant meter rate, whether the consump¬ 
tion is large or small. Sbmetiines large consumers are given a 
lower rate. This practice, however, is not just to the small con¬ 
sumers, as the cost of furnishing the Water'is practically the same 
per gallon in one case as in the other. 

It should be added that the question of water supply must 
also be considered as to its influence on fire Insurance rates. If a 
good fire pressure over the entire city can be furnished there will 
be a marked reduction in these rates, widely will somewhat offset 

the water rates. ■■ 

’ 1 'n ■ 

In conclusion, it should be said that the cost of water per 

1,000 gallons decreases as the consumption'increases. Therefore, 
the above-mentioned rates, which have been based on a consump¬ 
tion of 2,400,000 gallons per day, while they may not allow of 
being discounted at first, they may allow of even a greater discount f 
than the one given above, when the consumption becomes grea'ter.' 1 / 
For this reason it was not thought necessary at present to estimate, - '(* 
the actual cost of supplying water for a population of 100,000 
persons. 

It must also be stated that, as instructed, no allowance has 
been made for a sinking fund to pay off the debt which must be 
incurred for the works. As the machinery and other perishable 
parts thereof must in time be replaced, new appropriations will be 
therefore required. 

There have been several assumptions made in this report 
merely for the purpose of illustrating certain features or con¬ 
clusions. It i 3 practicable for you to change those assumptions 
which do not pertain to strictly engineering questions if, in your 








44 


/ 


\ 


wisdom, others would better nccomuiodiito the citizens. I trust ^a^ 
I bavo stated such cases with sufficient clearness,. so that, with 
whatever change you might uinljo, you can still follow ipy 
largument to its legitimate conclusion. " * • 

Respectfully presented, 

.RUDOLPH' 




Attached to this report are \ // 


Appendix I,—Canadian Pacific Well Test; 

II,—Chemical Analyses; 

III,—Dr.' Hutton’s Report on Softening 
Winnipeg Waters. 

“ IV,—Assumed Data and Prices. 

Peate I, —Profiles of Artesian Wells; 

“ II,—Profile of Conduit to Poplar Springs; 

Profile of Conduitjto. Winnipeg River; 
“ III,—Plan showing Conduit Lines. 




APPENDIX I. 

'Si 

Test of ! Canadian Pacific Railway Well, 


Winnipeg, 1st April, 1897. 

From 18 o’clock, March 27th, until ’IS cralock, March 28th, no 
water was pumped, Und at the end of this time the water in large 
well had risen to within a few'inches of the ground.level. ° 

; From 13 o’clock, March 29th, till 13 o’clo6l|| Matfch 30th, the 
large Dayton.pump in the engine room Wak jsifpt pumping contin¬ 
uously-up to its greatest capacity, drawing \Vjiiter from the large 
well, and also from the old well between .engine room and' car 
shop,‘ - 

The level .of the water was measured each hour and is given 
below. At the end of the 24 hours it had not gotten quite 
down to the suction v,alve, as the combined flow of the two 
wejls was more than the pump could overcome. 

At l^^lft-itarch 30th, the old well was shut off from the 
pump, and water pumped from the large well only, when the 
water rapidlyVsank in- the large w^ll, and- was kept within a 
short distance abpve the suction valve for 24 hours, frqm 14 
o’clock,-March 30th,till 15 o’clock, March 31st. '-<• 

^Two tests were made to determine the slip of the pump, 3 [the 
strokes ’being counted for one hour while water was pumped 
into the tank and note taken of the volume of water pumped, 

»the-first test being made when the water was just covering the 
suction valve; and the second whenih^re were about 12 feet of 
water over the suction valve. These gave’1.88 and 1.78 Imperial 
gallons respectively for each stroke of the pump, or an average of 
1.83 Imperial gallons. The .diameter of pump barrel is 7| ? , 
stroke 14". . ? 
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*•"* During tho 24 liourB from 13 o’clock, March 20th, to 13 
- o’clock, March 30th, tho pump mndo 124,200'Htrokos, or an average 
of 86'J (i'tr&kos per minuto; At 1.83 gallons per stroko thiB'Would 
come to 227,280 gallons per 24. hours, or 158 gallons per minute. 
During tho 24 hours from 14 o’clock March 30th, to 14 p’cbck 
March 3lst, the pump made 82,740.stroked, or an averago’ of 57.4(1 
strokes per minute. At 1.83 gallons por strOko this would come to 
i 151,414 gallons per 24 hours, or about 105 gallons por minute. 

The average pressure qf water in tho discharge pipo of tho 
pump was;' -during tho first 2 f hours! tost, about 50 pounds pur \ 
square inch, and during the second 24 hours, about 30 pounds per 
square inch. Tho pump could not bo runvso fast during tho second 
24 hours, as during the first; as tile flow of water into'the well was 
not sulficient to keep tho,pump supplied at that pace'. 

Attached are tables showing the level of tho water in well 
and the speed of pump at various times.during,the test. 

A. O. Frith, 

Assistant Can. Pac. Tty. Co. 























48 




Number of Strokes tirade by Pump. 


Date, 

, Tlmo. 

No. of, ' 
BtrolcoH. 

Unto. 

Tlmo. 

No. of 

Btroltos, , 

—--- 

1897 



1897 

'14.00 


Mar^h 2f0, 

13.00 

. 6- 

Marcli 30, 

0 

13.49 

' 2000 

* It 

15.00 

2240 


14.37 

4000 

1 M 

16.59 

6000 


15.00 

5000 

It 

18.03 

• 7700 


10.09 

8000 

6 M 

20.56 

11840 


10.55 

10000 

It 

21.05 

12000 


17.40 

12000 

March 31, 

6.55 

29100 / 


18.30 

14000 

tl * 

7.26 

30000 J. 


20.58 

20000 

" 

7.55 

31000 


22.15 

' 23100 

II ' 

8,28 

32000 

March (SO, 

7.19 

y4S500 

II 

9,41 

34300 , 


7.33 

49000 

ft 

10.06 

35000 


8.00 

50000 

11 

10,50 

36200 


8.52 

52000 

tl 

11.48 

37800 ' 


9.35 

54000 

„ 

13.08 

40000 


10.25 

55500 

11 ’ 

14.00 

41370 


. 11.37 

58350 

tl 

14.38 

. 42000 

M , ■* 

. 13.00 

021010 

It 

15.00 

42600 " > 

II ^ 

13.40 

G2950 



, 7 


Pump strojcea.'not counted between 111:40 and 14 o’clock on March '30th. 
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"APPENDIX III, 





of a Report by Dr, Hutton on the Softening of 
Winnipeg Waters, 


Tq render the water from the Artesian wells of Winnipeg 
satisfactory for domestic purposes, treatment with ft mixture oi' 
milk of lime and a solution of carbonate' of sodium would, in my' 
opinion, be the best and most available process. . 
vr' ■ The quantities of materials required are as follows : ■ 

Lime, 300 to’350 lbs. per 100,000 gallons/ Sodium carbonate, 
40 to 50 lbs. per, lOO.OOO gallons.' ' 

'A very simple test,-whereby it may be_ known when the 
proper quantity of'lime has been added, is as follows": 

A few diops of a 5 per cent solution-'of.nitrate of silver added 
ta the treated ';w s at,er pauses the formation of a faint yellow pre¬ 
cipitate. The color of\this precipitate is .white when insufficient 
* lime has been used,-burns Jbrownish when too much lime has been 

added, - ' V - ’ * '* ’ 

' 'To make -the treatment sucessful thorough agitation of the 
water after adding the softening materials is essential. The lime 
--'and the soda should.be prepared separately, but may be added to 
the water at the same, time.-- A small quantity -of alum would 
hasten the settling”, but is not absolutely necessary, because of the 
absence of organic matter.' ' _ ■■ ■ 

The Poplar Spring water could- be sufficiently softened by 
the addition, of milk oi lime .alone, and would requireuaboufr 25"0 
,j6o 300 lbs. of lime per'100,000 gallons. There is very little differ-,, 
ence in total * hardness between this spring and the present water' 
,/. supply. - - 

' The* following observations "on‘ the rate of clarification with 
lime alone have been made: , 

Ross A.VE. Well.— One-third of a 30-inch "tube was com- 
- paratively clear Jn four minutes; the whole of the/tube was com¬ 
paratively clear in 25 minutes, and had completely settled in 15 


£ 



V 


- J - ' 53 ' ’’ , 

lioura An addition of 0.025 parts.of alum per. 1000 parts of 
water caused settlement in hoiirff. 

Poplar Spring. —One-third of the tubo Was comparatively 
clear in four minutes; tho wholo of the tubo was comparatively 
clear in 40 minutes, and had completely 'settled in 18 hours. • An 
addition of 0.025 parts of ; alum per 1000 parts of water caused 
settlorpoht in five hours. j- 

( Ai'te.r softening, the water is bright and clear and tasteless ,at 
room temperature. When lime alone is used, the only change is 
the diminution of calcium and^magnesium -carbonates by about 60 
per cent. Thirty pounds of lime added to 10,000‘gallons of water 
would give a deposit of 61^- lbs. of calcium catbonate. . , 

When, sodium carbonate is added os welPas, lime.,.it reacts on 
tho sulphates of calcium and magnesium, changing them into tbcT 
less soluble carbonates, and leaves in solution an equivalent quan¬ 
tity of sodium sulphate which is very soluble, harmless and non- 
soap-destroying. I ’ 

The addition of the soda further decreases tho hardness of 
the water from 10 to 20 per cent a 

The rate of settling of the precipitates would be. more rapid 
in shallow than in deep tanks, and much more rapid in tanks than 
in the glass tubes used for experiments. 


(Signed) 

Winnipeg, July 17th, 1897*'; 


i 


W. A. B. Hutton. 


APPENDIX IV, ., 

A,—Data assumedfoi* purposes of comparison and for 


estimating cost of worker. 


Immediate provision for ..... ... 40,0Q0 persons. 

Future prdyisionidlor...100,000 persons; 

Water pressures- : <■ 

■ Fire pressure, 75 lbs. per square inch at hydrants in business 
centre, and 10 adjoining fire streams, each 35 cubic feet 
per minute. 1 

, Ordinary domestic pressure, 30-40 lbs. per square inch. 
Minimum night pressure, 20-25 lbs. per square inch. 


.4 





Consumption por head per day : 
Averago rato, ’ 

Maximum rate, 

Immediate total provision per day: 
Average rate, 

Maximum rute, 

Future total provision per day : 
Average rate, 

Maximum rate, 


Imperial 1 

Qullonu, ' 

Cubic Foot, 
(Approx.) 

GO 

9.G 

105 

16.8 

2,400,000 

384,000 

4,200,000 

672,000' 

G,000,000 

960,000 

10,500,000 

’ 1,680,000 


APPENDIX IV, 

B,—Prices assumed for labor, material, land, etc,, m estimate 
ing 'cost of ,the works, in consultation with Col, 
H, N, Ruttan, , 


Excavation, Etc.: . . * -*■ 

Earth, in trenches ........ !. .'. .;.v ..... , 30 per cu. yd. 

Earth,-with boulders, part of conduit line... 1 00 , “ . “ 

> Muskegs,,....... . /... 60 “ 

.Rqck, limestone, in trench ....... c...' ... .2 50 “ •“ 

Reck, granite in trench.;. .. 3 50 “ “ 

Excavation - for reservoirs, etc...'. 25 “ , “ 

Removal of surplus earth. T .<■... -25 “ “ 

i , 'Sodding oyer Distribution Reservoir.' ‘15 per sq. yd. 

MASONgy, Etc/: ' ' -■ , 

Brick laid in Portland cement;'.. 20 00 per M. .« 

Brick laid in 'EortlamEcement (700 brick per 

cubic yard). . 14 00 percu, yd. 

, Concrete, piers, .arches, bottom and walls of 

reservoir..“.. .8 00 to 10 00 “ .“ 

Stone masonry.16^00 to 20 00 “ " 

Cement (400‘lbs', per bbl.-, delivered in city), 4'00 pec_bJbl,_ 

Sand, in quantity .....* ..1.00 peP cu. yd. 
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Brick (delivered anywhoro in city).'. 10 50 per M. 

2 inch bile drains, laid. 08 por foot. 

(i inch drains, laid..' 25 " 

• Asphalt waterproofing for roof of distribu¬ 
tion reservoir.;.. 40 per sq. yd. 

Lumber and timber framed in structures .. 30 00 por M. 
Lumber and timber, f.o.b. Winnipeg. 18 00 “ 

Pipe, Castings, Etc. : ' 

Cast-iron pipe, f.o.b. Winnipog .......... .$32 00 por ton. 

Hauling pipe in city...30 “ 

Special castings.,'..: .....'.\ 50 (00 

Lead..',.-...... i 4£ per lb. 

Wrought iron, bars, straps, bolts, etc. 0 “ ' 

Valves and Hydrants : (Chapman Valve Co.’) 


36 inch stop valves, f.o.b. Winnipeg. 
30 
18 

16 “ “ • 

14. 

12 “ 

10 

8 . “ f 

0 “ ' “ : 


576 00 per valve 
437 00 ’ " 

112 00 ' “ 

70 00 ; ••• 

55 00 ‘ “ 

42 00 ' .. 

31 00 . “ ' 

21.-00 

13 00 “ - 

273 00 
22 00 

85 00 perhydr’nt 
"62 00 


90 per foot. 
30 


24 inch check valves, f.o.b Winnipeg 

’ 0 K - ft u ' ' U _ it 

8 hydrants/ “ . " 

0 li ' ' it ti it 

Water Mains in'City: 

6 inch pipe laid, incl, 

8 " «' 

■ ■ 10 . “ 

12 

. 14 «- • « 

16 ■ , 7 
. 18 “ 

20 _ “ - ' “ 

Fuel, &c.: . . : . - *. 

Cord wood, at Winnipeg River.... .... . 

Cordwood in City or at Poplar Springs..”. / 5 00 
Coal, bituminous (Penn.). . 8 00 per ton. 



"~3-'80 
4 60 


N SI* 1 50 per cord. ’ 
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' , ' ' . /■ 

Chemicals, jn largo quantities. 

Soda...........1 V 1 . ,; .1 cent por lb. 

Alum.'. i .]..2 cents n 

Lime... Jy!l ..cent n 

- Lime.i.. . :j. 1 .15 cents per bushel of 60 to 70 lbs. 

Land, Etc. : j j[ ' . 

Near present pumping station.$1,000.00 per acre. 

McPhillips street. K ... 300.00 » 

Strip of land for artesian ttclls. . 250.00 u 

Conduit line to Poplar Springs. 2Q.00 n 

Conduit line to Winnipeg River ... • ’ ’ j>.00 m 

At-Ppplar .Springs....,. f 40.00 4 n ’ 

Pumping station sito at Winnipeg River.. 1,000.00 

Wages, Salaries, Etc. 

Common labor.!.15c. to I7£c. per hour. 

Skilled labor...... 25 n 

Bricklayers .. J , 50 ii 

,, Carpenters (ordinary)... !. \ 25 n 

Masons —. 

Salaried Men : Foremen 1 ...$I00$(Lper month. 

,, Common laborers. 40|)O m 

f Engineer at Pumping Station 120.00 u v < 
Asst, ii tf- ' r ' .n 75.0ft. ii p i 
i Firemen n n 50.00 /'n 


V? 
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Approximate-Section near ttena and Dorters Sts. 
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